A lthough the incidence of acute poliomyelitis in Europe and America has declined to virtually nothing within the last decades, the prevalence of persons with a history of polio remains fairly high. Between 430,000 and 1,000,000 survivors of paralytic and nonparalytic polio are alive today in the United States, which makes poliomyelitis a cause of considerable long-term disability. 1 Many of the patients who contracted paralytic polio 3, 4 or even 7 decades ago are now developing new signs of neuromuscular dysfunction, the so-called postpolio syndrome. The reappearance of muscle weakness and muscle pain might, in a worst-case scenario, lead polio survivors to revisit their past by returning to braces and wheelchairs. Patients who receive artificial ventilation during the acute phase of poliomyelitis may likewise develop breathing difficulties requiring tracheotomy and breathing devices. 2 Several studies have found that patients with spinal cord injury have life expectancies substantially below average. This is mainly attributable to sepsis, cardiovascular diseases, respiratory diseases, diseases of the urinary system and suicide. 3, 4 In contrast, knowledge concerning long-term survival after poliomyelitis is very sparse.
In the present study, we took advantage of historical medical archives on patients hospitalized with poliomyelitis in Copenhagen between 1919 and 1954, combined with more than 50 years' nationwide registration of causes of death, to assess the mortality and causes of death among people with a history of poliomyelitis.
Methods
Throughout the first half of the 20th century one hospital, Blegdamshospitalet, served as the primary cen-From the 1 ter for diagnosing and treating patients with acute poliomyelitis in the area of greater Copenhagen, Denmark. All medical records on patients admitted to the hospital have been stored at the Copenhagen City Archives. To identify patients diagnosed with poliomyelitis between 1919 and 1954, we reviewed more than 80,000 consecutive hospital records.
Information extracted from the records included name, sex, date and place of birth, date of admission and discharge, and details concerning the acute severity of the disease. Only cases with a discharge diagnosis of paralytic polio, nonparalytic polio, suspected polio or primary lymphocytic meningitis were included in the analysis. Primary lymphocytic meningitis occurring during the same season as polio was generally considered to be nonparalytic polio after excluding other possible viral infections such as mumps. 5 The distinctions among paralytic, nonparalytic and suspected polio are not always clear. Cases otherwise resembling poliomyelitis with symptoms such as fever, headache, vomiting, pain and rigidity of the back and neck and more than three cells per mm 3 in the spinal fluid were considered cases of poliomyelitis. Cases with fever and meningeal symptoms but no excess cells in the spinal fluid were referred to as suspected polio. 6 The diagnosis of paralytic polio was verified by the appearance of the characteristic asymmetrical flaccid paralysis-often described as either slight, modest, severe or complete. For simplicity we dichotomized the severity of paralysis into "mild" (slight and modest) and "severe" (severe and complete). "Severe" ranged from no innervation to slight motion of the muscle group when gravity was eliminated, whereas "mild" ranged from complete motion against gravity to complete motion against gravity and some resistance.
The paralytic polio patients were furthermore divided into the following subgroups according to their level of disability: (1) patients who received artificial ventilation (respiratory polio); (2) patients having no paralysis or mild paralysis of arms or legs; (3) patients having severe paralysis of one arm or one leg, or both; and finally (4) patients having severe paralysis of at least both arms or both legs.
Starting 1 April 1968, all Danish citizens have been given a unique identification number, which is recorded in the Danish Civil Registration System (CRS) together with other information such as place of birth and place of residence. Using name, sex and date of birth as keys, the cohort was linked to the Civil Registration System to identify individual CRS numbers. Patients not identified by this procedure were believed to have died or emigrated before 1 April 1968, and were traced in the local municipal registers to establish the precise dates of these events. 7 The Cause-of-Death Register is a population-based register of all deaths in Denmark since 1 January 1943, and is based on the death certificates and the subsequent classification of death causes. Since 1968, deaths are recorded according to the CRS number of the deceased; before the establishment of the CRS registry, causes of death were recorded according to date of birth and name of the deceased. 8 To identify causes and date of death among persons with a history of polio the cohort of polio patients was linked with the Cause-of-Death Register by either the CRS number or name and date of birth for those patients who died or who had emigrated before 1 April 1968. Patients in the cohort were followed from the initiation of the Danish Cause-of-Death Register or the month after hospital discharge, whichever came last, until the date of death, emigration or 1 May 1997, whichever came first. The ratio between the number of deaths observed and the number expected, ie, the standardized mortality ratio (SMR), served as a measure of the relative risk of death in the cohort. Ninety-five percent confidence intervals (CIs) for the SMRs were estimated by means of Byar's approximation. 9 The expected number of deaths in the cohort was calculated as the sum of the sex, age and period-specific person-time at risk in the polio cohort multiplied by corresponding national incidence rates.
The underlying causes of death were distributed over more than 400 different diagnoses. Thus it was necessary to aggregate the diagnoses into explicit groups: 1, infections; 1a, polio sequelae (paralysis or any conditions specified as late effect after polio or present 1 year or more after onset of polio); 2, cancer; 2a, breast cancer; 2b, lung, larynx cancer; 3, neurologic diseases; 4, cardiovascular diseases; 4a, coronary heart diseases; 4b, vascular lesions of central nervous system; 5, respiratory tract diseases; 5a, pneumonia; 5b, bronchitis, emphysema; 6, gastrointestinal diseases; 7, other diseases; 8, accidents; 8a, traffic accidents; 8b, Suicide; and 9, unknown/illdefined cause (data available with the electronic version of this article at www.epidem.com).
Results
We identified 6551 polio patients in the archives from Blegdamshospitalet. Of the 6207 patients surviving hospitalization, we identified CRS numbers for 5759 and a date of death or emigration for an additional 228 (total ϭ 5987 patients, or 96%). Ten patients died or emigrated before the establishment of the Cause-of-Death Register, or died within a month after discharge; these were excluded. Of the remaining 5977 patients, 44% were women. Fifty-eight percent of the patients had polio before the age of 10, 33% at ages of 10 to 29 years, and 9% at age 30 or older. Most of the polio cases were registered in the period 1950 -1954 (64%), 30% in the period 1940 -1949, and only 6% the in the period 1919 -1939. 10 Patients were followed on average 43 years (1 month to 54 years). During that period, 1295 deaths occurred and 1141 deaths were expected, resulting in an SMR of 1.14 (CI ϭ 1.07-1.20).
Long-term mortality is associated with the severity of acute poliomyelitis (Table 1 ). Paralytic polio patients had 20% higher mortality (SMR ϭ 1.21; CI ϭ 1.11-1.31) compared with the Danish population. Paralytic patients with mild paralysis or no paralysis of the extremities had no increased mortality. Excess risk with progressively more severe stages of paralysis rose to 24%, 69% and 171% (among persons who had required artificial ventilation during their treatment) ( Table 1 ). No mortality difference was seen between the sexes.
Among nonparalytic polio patients, there was no evidence for increased mortality. Mortality was slightly increased among patients discharged with suspected polio or patients with primary lymphocytic meningitis. This risk appeared to be stronger among women (Table 1) .
Except for respiratory polio patients, mortality did not increase until 20 years or more after discharge ( Table  2 ). Nonparalytic patients had lower mortality during the first 20 years after discharge ( Table 2 ). In contrast, respiratory polio patients had a four-fold increased mortality during the first 2 decades after discharge, and a two-fold increased mortality after 20 years.
Overall, young age at hospitalization seems to increase long-term mortality ( Table 3 ). This tendency was most obvious among patients with severe paralysis of at least one leg or arm and among patients diagnosed with suspected polio.
The most common causes of death were cancer (28%), cardiovascular diseases (26%), respiratory tract diseases (7%) and suicide (8%) ( Table 4 ). The excess mortality among polio patients was attributable to a higher risk of dying of polio sequelae (SMR ϭ 141; CI ϭ 98 -203), breast cancer (1.40; 1.06 -1.85), respiratory tract diseases (1.38; 1.13-1.69), diseases of the digestive system (1.44; 1.14 -1.82) and suicide (1.53; 1.25-1.86). There was a decreased risk of coronary heart diseases (0.80; 0.69 -0.93). Apart Causes of death did not differ between paralytic and nonparalytic cases, except for a higher risk of dying from polio sequelae among the paralytic polio patients ( Table 4) .
A subgroup analysis among the paralytic polio patients showed that the increased mortality among respiratory polio patients was attributable to respiratory diseases (SMR ϭ 3.57; CI ϭ 1.61-7.96)), cardiovascular diseases (1.68; 1.01-2.78)) and unknown/ill defined causes (5.79; 2.76 -12.15 ). Finally, a high percentage (29%) of this group of polio patients died of polio sequelae (data not shown).
Discussion
This is the first study of long-term mortality after hospitalization with poliomyelitis. The observed increased mortality among polio patients does not appear to be explained by lower social status among polio patients. The lower mortality observed during the first 20 years after hospitalization would speak against polio patients being a group at particularly high risk. Furthermore, the percentage of workers (skilled and unskilled) among male polio patients (age Ͼ14 years) who were treated at the Blegdamshospitalet from 1945 to 1954 did not differ from the distribution of workers and nonworkers among the Danish population (1950 census) (data not shown). In addition, polio patients irrespective of degree of paralysis have been characterized as educated, doing well in society, employed and generally self-supported-all factors indicative of high socioeconomic status. 11 Finally, a recent Danish study has shown that differences among socioeconomic groups are greater for health expectancy than for life expectancy; life expectancy, in particular for women, does not differ much among socioeconomic groups. 12 The risk of dying of cancer and cardiovascular diseases was not increased, which is in line with observations among persons with spinal cord injury and multiple sclerosis. 3, 13 However, we did find an increased SMR of breast cancer in accordance with our previous study. 14 The increased mortality of breast cancer, especially among women with paralytic polio, could in theory be related to the women's parity pattern. Having a severe handicap might result in lower parity and postponement of the first birth, factors associated with an increased breast cancer risk. 15 In the study concerning cancer risk among Danish polio patients, we gathered information on reproductive history for women born from 1 April 1935; with respect to parity and age at first delivery, the female polio patients did not differ from the rest of the Danish population.
The standardized mortality rate of gastrointestinal diseases as well as respiratory diseases was increased, which also corresponds to the observations found among patients with spinal cord injury. 3, 16 An increased risk of major depression has been reported among patients with acute life-threatening physical illnesses such as stroke, traumatic brain injury, myocardial infarction and spinal cord injury. 17, 18 The risk of suicide among these patients is much higher than in the general population. 3, 13, 16, 19 Patients who are aging with disabilities (including polio sequelae) have been reported to experience less life satisfaction than the nondisabled. Furthermore, an unknown percentage of the paralytic polio patients are at risk of developing postpolio syndrome, which seems to be associated with an increased risk of depressive disorders. 20, 21, 22 Contrary to expectation, the risk of suicide was highest among the nonparalytic group of polio patients. However, recent studies have reported symptoms similar to the postpolio syndrome (such as profound fatigue, memory and concentration problems) among patients without documentation of paralytic polio. 23 We believe that the present study is valid for polio patients in Denmark. According to statistics from the Danish National Board of Health, more than 84% of the patients with paralytic polio and more than 89% of patients with nonparalytic polio in the county of Copenhagen were hospitalized at the Blegdamshospitalet during the 20th century. 14 Follow-up of the cohort was conditional on the presence of a CRS number for each person or on information from the Local Municipal Registers concerning date of death or emigration before 1 April 1968. Of the 6207 patients surviving hospitalization for poliomyelitis, only 4% were lost to follow-up. It is unlikely that this loss of 4% would affect our results to any extent. A few persons may have been supplied with an incorrect identification number because of misspelling of names or incorrect registration of date or place of birth in the handwritten hospital records. However, with our rather strict matching criteria, we consider this a minor problem.
In conclusion, individuals with a history of polio have an increased long-term mortality, especially severe paralyzed polio patients. Polio patients are at increased risk of dying of breast cancer, respiratory diseases and gastrointestinal diseases. The risk of committing suicide among nonparalytic polio patients is surprisingly high. These results emphasize the importance of sufficient long-term follow-up and treatment of previous polio patients.
